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second tubular member 210 coupled to the first 
tubular member; a third tubular member 225 coupled 
to the second tubular member; one or more slips 230 
coupled to the exteriof^ surface of the third tubular 
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surface including an angle of attack between about 0 
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about 58 to 62 Rockwell C positioned within the 
. second tubular member and coupled to an end 
portion of the third tubular member; yvherein the 
inside diameter of the second tubular member is 
greater than the inside diameters of the first and third 
tubular members; wherein the mandrel iricludes a 
fluid passage 220 having an inlet adapted to a receive 
fluid stop member. 
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EXPANDING A TUBULAR MEMBER 
Cix>ss Reference To Related Applications 
The present application claims the benefit of the filing date of U.S. provisional 
patent application serial no. 60/183,546, attorney docket no. 25791.10, filed on 

* • • 

5 2/18/2000, the disclosure of which is incorporated herein t)y reference. . 

This application is a continuation-in-part of U.S. Serial No. 09/559.122, attorney 
docket number 25791.23.02. filed on 4/26/2000. which claimed the benefit of the filing 
date of U.S. previsional patent application serial number 60/131,106, filed on 
4/26/1999. which was a continuation-in-part of U.S. patent applicaSon serial number 

10 09/523,460. attorney docket number 25791.1 1.02. filed on 3/10/ 2000, whteh claimed 
the benefit of the filing date of U.3. provisional patent application serial no. 60/124,042, 
filed on 3/11/1999, which was a continuation-in-part of U.S. patent application serial 
number 09/510,913. attorney docket number 25791.7.02, which claimed the beriefit of 
the filing date of U.S. provisional patent application serial number 60/121,702, filed Qn 

15 2/25/1999, which was a continuation-in-part of U.S. patent application serial number 
09/502,350. attorney docket number 25791 .8.02, filed on 2/10/2000, which claimed the 
benefit of ttie filing date of U.S. provisional patent application serial number 
60/119,611. attorney docket number 25791.8, filed on 2/11/1999, which was a 
continuation-in-part of U.S. patent application serial number 09/454,139, attorney 

20 docket number 25791.3.02, filed on 12/3/1999. which claimed the benefit of ttie filing 
dale of U.S. provisional patent application serial number 60/111,293, filed on 
12/7/1998. 

The present appltoation is related to ttie following U.S. patent applications: (1) 
utility patent application number ^ attorney docket number 25791.9.02, 

25 filed on 11-16-1999. which claimed ttie benefit of tiie filing date of provisional patent 
application number 60/108,558, attorney docket number 25791.9, filed on 11-16-1998; 
(2) utility patent application number " . ' ' . attorney docket number 25791 .3.02. 
filed on 12t3-1999, which claimed ttie benefit of the filing date of provisbnal patent 
application number 60/111.293, attorney docket number 25791.3, filed pn 12-7-1998; 

30 (3) utility patent application number attomey docket number 

25791.8.02. filed on 2-10-2000, whk:h claimed tt)e benefit of ttie filing date of 
provisional patent application number 60/119.611, attomey docket number 25791.8, 
filed on 2-11-1999; (4) provisional patent application number 60/121,702, attomey 
docket number 25791.7, filed on 2-25-1999; (5) provisional patent application number 

35 60/121,841, attomey docket number 25791.12, filed on 2-26-1999; (6) provisional 
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patent plication number 60/121,907. attwney docket mrrber 25791.16. filed on 2- 
26-1999; (!) provisional patent application number 60/124,042. attorney dodcet number 
25791.11, filed on 3-11-1999; (8) provisional patent application number 60/131.106, 
attorney docket number 25791.23, filed on 4-26-1999; (9) provfslbnal patent applteation 

5 number 60/137,998, attorney docket number 25791.17. filed on 6-7-1999; (10) 
provistonal patent ^>pUcation number 60/143.039. attorney dixket numbler 25791.26, 
filed on 7-9-1999; (11) provistonal patent application number 60/146,203, attorney 
docket number 25791.25, filed on 7-29-1d99; (12) provisional patent applteation 
number . attorney docket number 25791.29, filed on 9-16-1999; (13) 

10 proviskxieri patent appllcatton number . . , attorney docket number 

25791.34, filed on 10-12-1999; (14) provisional patent s^piteation number . , 

attorney docket number 25791.36, filed on 10:12-1999; (13) provisional patent 
applteation nwnber 60/159,033, attomey docket number 25791.37, filed on 10-12- 
1999; (15) provisional patent applteation number • . attomey docket 

15 number25791.27.filed on 11-01-1999. 

Applicants Incorporate by reference \he disdpsures of ttiese applications. 

' Background of the inventi6n . • 
This Inventten relates generally to wellbore casings, and in partteular to wellbore 

casings that are fbmned using expandable tut)ing. 
20 Conventionally, when a vvellbore is cresated. a number of casings are installed in 

ttie borehole to prevent collapse of ttie borehole waH and to prevent undeslred outflow 
of drilling fiuW into Una fonnatton or infiow of fluW from ttie formation into the borehole. 
The borehole Is drilled in intervals whereby a casing vohich is to be installed in. a lovi^r 
borehole interval is lowered through a previously instatted casing of an upper borehole 

25 interval. As a consequence of this procedure tfie casing of the lower interval is of 
smaller dianieter than the casing of the upper interval. Thus, the casings are fn a. 
nested arrangement with casing diameters decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 

30 a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter Involves increased costs due to heavy casing handling 
equipment, large drill bits and Increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is Involved due to required cement pumping, 
cement hardening, required equipment changes due to . large variations in hole 



diameters driiljdd in the course of the well, and the large volume of cuttings drilled and . 

■» 

removed.. 

4 . 

Conventionally, at the surface end of the wellbore, a wellhead Is fomied that 
typically Includes a surface casing, a numt)er of production and/or drilling spools, 
5 valving, and a Christmas tree. Typically the wellhead further Includes a concentric 
anBngement of casings induding a production casing and one or more intermediate 
casings. The casings are typically supported using load bearing slips positioned at)ove 
the ground. The conventional design and constniction of wellheads is expensive and 
complex. 

10 Conventbnally, a wellbore casing cannot be fomned during the drilling of a 

, wellbore. Typically, the wellbore is drilled and then a wellbore casing is fonned in the 
newly drilled section of the wellbore. This delays the completion of a well. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for fornrung wellborn and wellheads. 

15 Summary 

According to anottier embodiment of the present invention, a method of 
expanding a tubular member is provided that includes placing amandrel within the 
tubular member, pressurizing an annular region within the tubular member above the 
mandrel, and displadng the mandrel with respect to the tubular member. 

20 According to another embodiment of the present invention, an apparatus for 

radially expanding a tubular member Is provided that includes a first tubular rrtomber, a 
second tubular member positioned within the first tubular member, a third tubular 
member movably coupled to and positioned within the second tubular member, a first 
annular sealing member for sealing an interi'ace between the first and second tubular 

25 members, a second annular sealing member for sealing an interface between the 
second and third tubular members,, and amandrel positioned within the first tubular 
member and coupled to ah end of the third tubular member. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a. tubular member, a piston adapted to expand the diameter of 

30 the tubular member positioned within the tubular member, and an annular chamber 
defined by the piston and tubular member. The piston includes a passage for 
conveying fluids out of the tubular member. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a preexisting structure and a tubular member coupled to the 

35 preexisting stmcture. The tubular member is coupled to the preexisting structure by 
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the process of: positioning the tubular member in an overlapping relationship to the 
preexisting structure, placing a matndrel within the tubular member, pressurizing an 
annular region within the tubular member above the mandrel, and displacing the 
mandrel with respect to ttie tubular member. 
5 According to another embodiment of the present invention, a niethod of 

expanding a tubular member is provided that includes prefomnihg the tubular member 
to include a first portion, a second portion, and a third portion, placing a mandrel within 
the second portion of the tubular member, pressurizing a region within the tubular 
member, and displacing the mandrel with respect to the tubular member. The inside 
10 diameter of the second portion of the tubular member is greater than the inside 
diameters ot the first and third portions of the tubuiar member. 

According to another embodiment of the present Invention, an apparatus for 
radially expanding a tubular nnember is provided that includes a first tubuiar memt)er, a 
second tubular member coupled to the first tubular member, a third tubular member 

19 coupled to the second tubular member, and a mandrel positioned within the second 
tubular member and coupled to an end portion of the third tubular member. The inside 
diamefer of the second tubular member is greater than the inside diameters of the first 
and third tt^lar members. 

According to another embodiment of the present invention, an apparatus is 

20 provided that includes a tubular member having first, second, and third portions, a 
piston adapted to expand the diameter of the tubular member positioned within the 
second portion of the tubular member, the piston including a passage for conveying 
fluids out of the tubular member. The inside diameter of the second portion of the 
tubular member is greater than the inside diameters of the first and third portions of the 

25 tubular menfiber. 

According to another embodiment of the present invention, an apparatus is 
provided that includes a preexisting structure and a tubuiar member coupled to the 
preexisting structure. The tubular member is coupled to the preexisting structure by 
the process of: preforming the tubular member to include firkt, second, and third 

30 portions, positioning the tubular member in an overlapping relationship to th^ 
preexisting structure; placing a mandrel within the second portion of the tubular 
member; pressurizing an interior region within the tubular member; and displacing the 
mandrel with respect to the tubular member. The inside diameter of the second portion 
of the tubular member is greater than the inside diameters of the first and third portions 

35 of the tubular member. 



The present embodiments of the invention provide methods and apparatus for 
fonning and/or repairing weiibore casings, pipelines, and/of structural supports by 
radially expanding tutnjlar members. In this manner, the fonration arid repair of 
^ weHbore casings, pipelines, and structural supports is improved. 

5 Brief Description of the Drawings 

FIG. 1a is a fragmentary cross-section illustration of an embodiment of an. 
apparatus and nriethod for expanding tubular rnembers. 

FIG. 1b is another fragmentary cross-secHonal illustration of the apparatus of 
FIG. la. / 
10 FIG. 1c is another fragmentary cross^secttonai illustration of the apparatus of 

FIG. la. 

FIG. 2a is a fragmentary cross-section Illustration of an embodiment of ah 
apparatus and method for expanding tubular members. 

FIG. 2b is another fragmentary cross-sectional illustration of the apparatus of 
15 FIG. 2a. 

FIG. 2c is another fragmentary cross-sec^onal illustration of the apparatus of 

■ 

FIG. 2a. 

FIG. 2d is another fragmentary cross-sectional illustration of the apparatus of 
FIG. 2a. 

20 FIG. 2e is another fragmentary cross-seciionai illustration of the apparatus of 

FIG. 2a. 

Detailed Description of the Ittustrative Embodiments 
Refemng now to FIGS. la. lb and 1c, an apparatus 100 for expanding a 
tubular member will be described. In a preferred embodiment, the apparatus 100 

* 

25 includes a support member i05, a packer 1 10, a first fluid conduit 1 15, an annular fluid . 
passage 120. fluid inlets 125, an annular seal 130. a second fluid conduit 135. a fluid 
passage 140, a mandrel 145, amandrel launcher 150, a tubular member 155, slips 
160, and seals 165. In a prefenred embodiment, the apparatus 100 is used to radially 

■ , * * 

expand the tubular member 155, In this manner, the apparatus 100 may be used to 
30 form a weiibore casing, line a wellt>ore casing, form a pipeline, line a pipeline, form a 
structural support member, or repair a weiibore* casing, pipeline or structural support 
member. In a pretend embodiment, the apparatus 100 Is used to clad at least a 
portion of the tubular member 155 onto a preexisting tubular rnember. 

The support member 105 is preferably coupled to the packer 110 and the 
35 mandrel launcher 150. The support meml)er 105 preferably is a tubular memt>er 



fabricated from any number of conventional commercially available materials such as, 

• < ' 

for example, oilfield country tubular goods, low alloy steel, carbon steel, or stainless 
steel. The support member 105 is preferably selected to fit through a preexisting 
section of wellbore casing 170. In this manner, the apparatus 100 may be positioned 
5 within the wellbore casing 1 70. In a preferred embodiment, the support member 1 05 is 
releasably coupled to the mandrel launcher 150. In this manner, the support member 
105 may be decoupled from the mandrel launcher 150 upon the completion of an 
extrusion operation. 

The packer 1 10 is coupled to the support member 105 and the first fluid conduit 

10 115. The padcer 110 preferably provides a fluid seal between the outside surface of 
the first fluid conduit. 1 15 and the Inside surface of the support member 105. in this 
mariner, the padcer 110 preferably seals off and, in conibination with the support 
member 105, first fluid conduit 115, second fluid cornJuit 135, and mandrel 145, defines 
an annular chamber 175. The packer 110 may be any number of cpnventtonal 

15 commerdalty available packers modified in accordance with the teachings of the 
present disclosure. In a prefemed endxxliment, the packer 110 is an RTTS packer 
available from Halliburton Energy Services in order to optimally provkJe high toad and 
pressure containment capacity while also altowing the packer to be set and unset 
multiple times without having to pull the packer out of the wellbore. 

20 The first fluid conduit 1 15 is coupled to the packer 1 10 and the annular seal 

130. The first flukJ conduit 115 preferably is ah annular member fabricated from any 
number of conventional commercially available niaterials such as, for example, oilfield 
country tubular goods, low alloy steel, carbon steel, or stainlesfs steel. In a prefened 
embodiment, the first fluid conduit 115 includes one or more fluid inlets 125 for 

25 conveying fluidic materials from the annular fluid passage 1 20 into the chamber 1 75. 

The annular fluid passage 120 is defined by and positioned between the interior, 
surface of the first fluid conduit 115 and the intertor surface of the, second fluid conduit 
135. The annular fluid passage 120 is preferably adapted to convey fluidic materials 
such as cement, water, epoxy. lubricants, and slag mix at operating pressuies and flow 

30 rates ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to 
optimally provide flow rates and operational pressures for the radial expansion process. 

The fluid inlets 125 are positioned in an end portion of the first fluid conduit 1 15. 
The fiuid inlets 125 preferably are adapted to convey fluidic materials such asf cement, 
water, epoxy, lubricants, and slag mix at operating pressures and flow rates ranging 



from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to optimally provide 
ftow rates and operational pressures for the radial e^nsion process. 

The annular stel 130 is coupled to the fir^ fluid corkkiit 115 and the second 
. fluid oondiA 135. The annular seal 130 preferably provides a fluid seal between the 

5 interior surface of the first fluid conduit 115 and the exterior surface .of the second fluid 

• * 

conduit 135. The annular seal 130 preferably provides a fluid seal between the interior 

• ' . * 

surface of the first fluid conduit 1 15 arid the exterior surface of the second fluid conduit 
135 during relative axial motion of the first fluid conduit 115 and the second fluid 
conduit 135. The annular seal 130 may be any number of conventional commercially 
10 available seals such as, for example, O-rings, polypak seals, or nrtetal spring energized 
seals. In a prefenBd emt>odiment. the annular seal 130 is a polypak seal available 
from Part<er Seals. 

The second fluid conduit 135 is coupled to the annular seal 130 and the 
mandrel 145. The second fluid conduit preferably is a tut>ular member fabricated from 

1 5 any humt)6r of conventional commercially available materials such as, for example, 
coiled tubing, cwtfieid country tubular goods, low alloy steel, stainless steel, or .tow 
carbon* steel. In a preferred embodiment, the second fluki conduit 135 is adapted to 
convey fluklic materials such as cement, water^ epoxy, lubricants, and slag mix at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 

20 galtons/mlnute In order to optimally provide flow rates and operational pressures for tiie 
radial expahskm process. 

The fluki passage 140 is coupled to the seccxid fluid conduit 135 and tiie 
mandrel 145. In a prefened embodiment, the fluid passage 140 is adapted to convey 
fluidto materials such as cement, water, epoxy, lubricants, and slag mix at operating 

25 pressures and flow rates ranging Worn about 0 to 9,000 psi and 0 to 3,000 
galtons/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. 

The mandrel 145 is coupled to the second fluki conduit 135 and the mandrel 
launcher 150. The mandrel 145 preferably are an annular member having a conic 

30 section febricated flnom any number of conventional commercially available materials 
such as, for example, machine tool steel, ceramics, tungsten carbide, titanium or other 
high strength alloys: In a preferred embodiment, the angle of the conic section of the 
mandrel 145 ranges from about 0 to 30 degrees in order to optimally expand the 
mandrel launcher 150 and tubular member 155 in the radial direction. In a preferred 

35 embodiment, the surface of the conic section ranges from about 58 to 62 Rockwell C in 



order to optimally provide high yield strength. In a preferred emtx>diment» the 
expansion cone 145 is heat treated in order to optimally provide a hard outer surface 
and a resilient interior body in order to bptimaily provide abrasion resistance and 
fracture toughness. In an alternative emtxxiinnent, the mandrel 145 is expandible in 

■ mm 

5 order to further opttrnally augrnent the radial expansion process. 

The .mandrel launcher 150 is coupled to the support member 105, the mandrel 
145, and the tubular member 155. The mandrel launcher 150 preferably are a tubular 
member having a variable cross-section, and a reduced wall thidcness in order to 
facilitate the radial expansion process. In a preferred embodiment the cross-sectibnal 

10 area of the mandrel launcher 150 at one end is adapted to mate with the mandrel 145, 
arui al the other end« the crc^-sectionai area of the mandrel iaundier 150 is adapted 
to match the cross-sectional area of the tubular nriember 155. In a prefenned 
embodiment the wall thickness of the mandrei launcher 150 ranges from about 50 to 
100 % of the wall thickness of the tubular member 155 in order to ^litate the initiation 

15 of the radial expansion process. 

The mandrei ialuncher 150 may be fabricated from any number of conventional 
commercially availat>le materials such as, for example, oitfiekl country tubular goods, 
low altow steel, stainless steel, or cart)on steel. • In a preferred embodiment, the 
mandrel launcher 150 is fabricated from oilfiekl country tubular goods having higher 

» 

20 strength but bwer wail thickness than the tubular member 155 in order to optimally 
match the burst strength of the tubular member 155. In a preferred embodiment, the 
mandrel launcher 150 is removably coupljsd to the tubular rnember 155. in this 
manner, the mandrel launcher 150 may be removed from the wellbore 180 upon the 
oompletkxi of an extrusion (^ration. 

25 in an alternative embodiment the support merhber 105 and the mandrei 

launcher 150 . are integrally formed. In this alternative emtxxlinrient the support 
member 105 preferably tenminates above the top pf the packer 1 10. In this alternative 
emtxxiiment. the ftuM conduits 115 and/or 135 provide structural support for the 
apparatus 100, using the packer 1 10 to couple together the eiernents of the apparatus 

30 1Q0. In this altematlve embodiment, in a preferred embodiment, during the radial 
expansion process, the packer 110 may be unset and reset after the slips 160 have 
anchored the tubular member 155 to the prevtous casing 170, within the tubular 
member 155, between radial expanslor} operations* In this manner, the packer 110 is . 
moved downhoie and the apparatus 100 is re-stroked. 

.8 



The tubular member 155 is coupled to the mandrel launcher, the slips 160 and 
the seals 165. The tubular member 1 55 preferably is a tubular member fabricated from 
arty number of oonventiohdl commercially available materials such as, for example, low 
alloy steel, carbon steel, stainless steel, or oilfield country tubular goods. In a prefenred 
5 embodiment, the tubular nnember 1 55 is fabricated from oilfield country, tubular goods. 

The slips 160 are coupled to the outside surface of the tubular member 155. 
The slips 160 preferably are adapted to couple to ttie interior walls of a casing, pipeline 
or other structure upon the radial expansion of the tubular member 155; In this 
manner, the slips 160 provide structural support for the expanded tubular member 155. 

10 The slips 160 may be any number of conventional commercially available slips such 
as, for example, RTTS packer tungsten carbide slips, RTTS packer wicker type 
mechanical slips or Model 3L retrievable bridge plug tungsten cariMde upper 
mechanteal slips. In a prefenred embodiment, the slips 160 are RTTS padcer tungsten 
carbMe mechanical slip9 available from Halliburton Energy Sen^s. In a preferred 

15 embodiment, the slips 160 are adapted to support axial forces ranging from about 0 to 
750,000 Ibf. 

The seals 165 are coupled to the putskle surface of the tubular member 155. 
The seals 165 preferably provide a fluUic seal between the outside surface of the 
expanded tubular member 155 and the interior walls of a casing, pipeline or other 

20 structure upon the radial expansion of the tubular member 155. In this manner, the 
seals 165 provide a fiuidic seal for the expanded tubular member 155. The seals 165 
may be any number of conventional commercially availat>le seals such as, for example, 
nitrile rubber, lead, Aflas rubt)er, Teflon, epoxy, or other elastomers. In a prefened 
embodiment, the seals 165 are rubber seals available from numerous conunerdal 

25 vendors in order to optimally provide pressure sealing and load bearing capacity. 

During operation of the apparatus 100, the apparatus 100 is preferably kjwered 
into a weltbore 180 having a preexisting section of wellbore casing 170. In a prefenred 
embodiment, the apparatus 100 is positioned with at least a portion of the tubular 
member 155 overiappiiig with a portk)n of the wellbore casing 170. In this manner, the 

30 radial expansfon of the tubular member 1 55 will preferably cause the outside surface of 
the expanded tubular member 155 to couple with the inskle surfape of the wellbore 
casing 170. In a prefenred embodiment, the radial expansfon of the tubular memt>er 
155 will also cause the slips 160 and seals 165 to engage with the interior surface o^ 
the wellbore casing 170. In this manner, the expanded tubular member 155 is provided 

9 



Witt) enhanced sfructural support by the slips 160 and an enhanced, fluid seal by the 
seals 165. 

As illustratBd in FIG. 1 b, after placement of the apparatus 100 in an overlapping 
relationship with the wellbore casing 170, a flutdic material 185 is preferably pumped 
5 into the chamber 175 using the fluid passage 120 and the inlet passages 125. In a 
prefenBd embodiment, the fluidic nriaterial & pumped into the chamber 175 at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. The pumped fluidic material 185 increase the operatirig 

10 pressure within the chamber 175. The increased operating pressure in the channit)er 
175 then caused th^ mandrel 145 to extrude the mandrel launcher 150 and tubular 
rnember 155 off of the face of the mandrel 145. The mtruslon of the^mandrel launcher 
ISO and tubular member 155 off of the face of the mandrel 145 causes the mandrel 
launcher 150 and tubular member 155 to expand in the radial direction. Continued 

15 pumping of the fluidic material 185 preferably causes the entire length of the tubular 
member 155 to expand in the radial direction. 

in a preferred emtxxllment the punriping rate and pressure of the flutdic 
material 185 is reduced during the latter stages of the extrusion process in order to 
minimize shodc to the apparatus 100. In a prefenred embodiment, the apparatus 100 

20 includes shock absort>ers for absorbing the shock caused by the completion of the 
extruskm process. 

In a prefenBd embodiment, the extruston process causes the mandrel 145 to 
move in an axial direction 185. During the axial movement of the mandrel, in a 
preferred embodiment, the fluid passage 140 conveys fluidte material 190 displaced by 
25 the moving mandrel 145 out of the wellbore 180. In this manner, the operational 
efndency and speed of the extrusion process is enhanced. 

In a preferred embodiment, the extrusion process includes the injection of a 
hardenable flukJic material into the annular region between the tubular member 1 55 
and the bore hole 180. In this manner, a hardened sealing layer is provided between 
30 the expanded tubular member 155 and the interior walls of the wellbore 1 80. 

As illustrated in FIG. 1c, in a preferred embodiment, upon the completion of the 
extrusion process, the support member 105, packer 110, first fluid conduit 115, annular 
seal 130, second fluid conduit 135. mandrel 145. and mandrel launcher 150 are moved 
from the wellbore 180. 

10 



In an alternative embodiment, the apparatus 100 is used to repair a preexisting 
wellt>ore casing or pipeline. In this alternative embodiment, both ends of the tubular 
memt>er 1^5 preferably include slips 160 and seals 165. 

In an alternative embodiment, the apparatus 100 is used to form a tubular 
5 structural support for a building or oftehore structure. . 

Referring now to FIGS. 2a, 2b, 2c, 2d, and 2e, an apparatus 200 for expanding 
a tubular member will be described. In a preferred embodiment, the apparatus 200 
includes a support rtiember 205, a mandrel launcher 210, a mandrel 215. a first fluid 
passage 220, a tubular member 225, slips 230, seals 235. a shoe 240, and a second 
10 fluid passage 245. In a preferred embodiment, the apparatus 200 is usjsd to radially 
expand the mandrel launcher 210 and tubular member 225. In this manner, the 
apparatus 200 may be used to forrh a wellbore casing, line a weilbore casing, form a 
pipeline, line a pipeline, form a staictural support member, or repair a wellbore casing, 
pipeline or structural support member, In a prefened embodiment, the apparatus 200 
1 5 is used to dad at least a portion of the tubular member 225 onto a preexisting structural 
member. 

The support member 205 is preferably coupled to tt)e mandrel laundier 210. 
The support member 205 preferably is a tubular member ^ricated from any number 

of conventional conrvnerdally available materials such as, for example, oilfield country 

• • • - . 

20 tubular goods, low alby steel, carbon steel, or stainless steel. The support member 
205, the rnandret launcher 210, the tubular member 225, and the shoe 240 are 
preferably selected to fit through a preexisting section of \M(ellbore casing 250. In this 
manner, the apparatus 200 may be positioned within the wellbore casing 270. In a 
prefenred embodiment, the support member 205 is releasably coupled to the mandrel 

25 launcher 210. in this manner, the support rnember 205 may be decoupled from the 
mandrel launcher 210 upon the completion of an extrusion operation. 

The mandrel launcher 210 Is coupled to the support member 205 and the 
tubular member 225. The mandrel launcher 210 preferably are a tubular member 
having a variable cross-section and a reduced wall thickness in order to facilitate the 

30 radial expansion process. In a preferred embodiment, the cross-sectional area of the 
mandrel launcher 210 at one end is adapted to mate with the mandrel 215, and at the 
other end, the cross-^secHonal area of the mandrel launcher 210 is adapted to match 
the cross-sectional area of the tubular member 225. In a prefenred embodiment, the 
wall thickness of the mandrel launcher 210 ranges from about 50 to 100 % of the wall 
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thickness of the tubular member 225 in order to focllitate the initiation of the radial 
expansion process. 

The mandrel launcher 210. may be fabricated from any number of conxentional 
oonvnerctaliy available materials such as, for example, oilfieid country tubular goods, 
low allow steel, stainless steel, or cart)on steel. In a preferred emtx)diment, the 
mandrel launcher 210 is fabricated from oilfield country tubular goods having higher 
strength but lower wall thickness than the tububr member 225 in order to optimally 
match the birst strength of the tubular member 225, In a preferred embodiment, the 
mandrel launcher 210 is removably coupled to the tubular member 225. In this 
manner, the mandrel launcher 210 may be removed from the wellbore 260 upon the 
compiefon of an extrusion operation. 

The mandrel 215 is coupled to the mandrel launcher 210. The mandrel 215 
preferably are an annular member having a conic section fabricated from any number 
of conventional oornmerdally available materials, such as, for example, machine tool 
steei, ceramics, tungsten carbkle, titenium or other high strength aitoys. In a preferred 
embodiment, the angle of the conic sectk>n of the mandrel 215 ranges from about 0 to 
30 degrees in order to optimally expand the mandrel launcher 210 and the tubular 
member 225 in the radial direction. In a preferred embodiment, the surface of the conic 
section ranges from about 58 to 62 Rockwell C In order to optimally provMe high yield^ 
strength. In a preferred embodiment, the expansion cone 215 is heat treated In order 
to optimally provide a hard outer surface and a resilient interior body in order to 
optinrially prevkle abresibn resistence and fracture toughness. In an alternative 
embodiment, the mandrel 215 is expendible in order to further optimaily augment the 
radial expansbn process. 

The fluid passage 220 is positioned within the mandrel 215. The fluid passage 
220 is preferably adapted to convey fluidic materials such as cement, water, epoxy, 
lubricants, and slag mb( at operating presslures and flow retes ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute in order to optimally provWe flow rates and 
operational pressures for the radial expansion process. The fluid passage 220 
preferably includes ari inlet 265 adapted to receive a plug, or other similar device. In 
this manner, the interior chamber 270 above the mandrel 215 may be fluididy isoliated . 
from the interior chamber 275 betow the mandrel 215. 

The tubular member 225 is coupled to the mandrel launcher 210, the slips 230 
and the seals 235. The tubular member 225 preferably is a tut>ular member fabricated 
from any number of conventional commerdaily available materials such as, for 
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example, low altoy steel. cart>oh stQel, stainless steel, or oilfield country tubular goods. 

* * ■ 

In a prefenred embodintent, the tubular member 225 is fobricated from oilfield country 
tubular goods. 

The slips 230 are coupled to the outside surface of the tubular member 225. 
5 The sops 230 preferably are adapted to couple to the interior walls of a casing, pipeline 
or other structure upon tt>e radial expansion of the tubular member 225. In this 
manner, the slips 230 provide structural support for the expanded tubular memter 225. 
The slips 2S0 may be any number of conventional commerdalty available slips such 
as, for example, RTTS packer tungsten carbide medianical slips^ RTTS packer wicker 
10 type rmchanlcal slips, or Model 3L retrievable bridge plug tungsten carbide upper 

mechanteai slips. Sn a preferred ^ibodlment, the slips 230 are adapted to support 

• ' • • . ... 

axial forces ranging from about 0 to 750.000 Ibf. 

The seals 235 are coupled to the outside surface of the tubular member 225. 
The seals 235 preferably provide a fluidic seal between the outside surface of the 

15 expanded tubular member 225 and the interior walls of a casing, pipeline or other 
structure upon the radial expansion of the tubular member 225. In this manner, the 
seals 235 provkie a fluklic seal for the expanded tubular member 225. The seal^ 235 
may be any number of conventional commerciaUy available seals such as, for example, 
nitrite mbber, lead, Aflas rubber. Teflon, epbxy or ofter elastomers: In a preferred 

20 embodiment, the seals 235 are conventional rubber seals availabte from various 
commercial vendors in order to optimally provide pressure sealing and load bearing 
capacily. 

The shoe 240 is coupled to the tubular member 225. The shoe 240 preferably 
is a substantially tiibular member having a fluM passage 245 for conveying fluidic 

25 materials from the chamber 275 to the annular regtoh 270 outside of the apparatus 
200. The shoe 240 may be any number of conventional commercially available shoes 
such as, for example, a Super Seal II float shoe, a Super Seal II Down-Jet float shoe, 
or a gukie shoe with a sealing sleeye for a latch dovim plug modified in accordance with 
the teachings of the present disdosure. In a prefen-ed eimbodiment, th^ shoe 240 is an 

30 aluminum down-jet guide shoe with a sealing steeve for a latch down plug, available 
from Halliburton Energy Services. nrKXjiTied in accordance with the teachings of the 
present disclosure, in order to optimally guide the tubular member 225 in the wellbore. 
optimally provkle a fluidic seal between the interior and exterior diameters of the' 
overiapping joint between the tubular members, and optimally facilitate the complete 



drilling out of the shoe and plug upon the completion of the cementing and radial 
expansion operations. \ 

During operation of the apparatus 20O, the apparatus 200 is preferably lowered 
into a wellbore 260 having a preexisting section of welltx>re casing 275. In a preferred 
5 embodiment, the apparatus 200 is piositioned with at least a portion of the tubular 
member 225 overiapping with a portionr of. the wellbore casing 275. In this' manner, the 
radial expansion of the tubular n>ember 225 will preferably cause the outside surface of 
the expanded tubular member 225 to couple with the inside surface of the wellbore 
casing . 275. In a preferred emlxxiimerit, the radial expansion of the tubular member 
10 225 wBI also cause the slips 230 and seals 235 to engage with the interior surface of 
the welibore casing 275. In this manner, the expanded tubular member 225 is provided 
with enhanced stmctural support by the slips 230 and an enhanced fluid seal by the 
seals 235. 

As illustrated in FIG. 2b, after placenr^nt of the apparatus 200 in an overiapping 

15 relationship with the wellbore casing 275, a fluidic material 280 is preferably pumped 
into the chamber 270. The fluidic material 280 then passes through the fluid passage 
220 into the chamber 275. The fluidic material 280 then passes out of the chamber 
275, through the fluid passage 245, and into the annular region 270. In a prefened 
embodiment, the fluidic material 280 Is purhped Into the chamber 270 at operating 

20 pressures and flow rates ranging from about 0 to 9,000 psl and 0 to 3,000 
galbns/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process, in a prefen'ed embodiment, the fluidic material 280 is a 
hardenaUe fluidic sealing material In order to torn a hardened outer annular rnember 
around the expanded tubular member 225. 

25 As illustrated in FIG. 2c, at some later point in the process, a ball 285, plug or 

other similar device, is introduced into the pumped fluidic material 280. In a preferred 
embodiment, the ball 2Q5 mates with and seals off the inlet 265 of the fluid passage 
220. In this manner, the chamber 270 is fluididy isolated from the chamber 275. 

As illustrated in FIG. 2d, after placement of the ball 285 in the inlet 265 of the 

30 fluid passage 220, a fluidic material 290 is pumped into the chamber 270. The fluidic 
material is preferably pumped into th& cKanriber 270 at operating pressures and flow 
rates ranging from about 0 to 9,000 psl and 0 to 3,000 gallons/minute |n order to 
provide optimal operating efficiency, the fluidic material 290 may be any number of 
conventional commercially available materials such as, for example, water, drilling 
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mud, oement» epbxy, or slag mix. In a preferred embodiment the fluidic material 290 is 
f • a rK)ri4iardenable fluidic iratmaHn order to m^ 

Continued pumping of the fluidic material 290 increases fluidic material 280 
^ increases the operating pressure within the chamber 270. The increased operating 

5 pressure in the chamber 270 then causes the mandrel 215 to extrude the mandrel 
launcher 210 and tubular member 225 off of the conical face of the mandrel 215. The 
extrusion of the rnandrel launcher 210 and tubular member 225 qfT of the conical face 
of the mandrel 215 causes the mandrel launcher 210 and tubular member 225 to 
expand in the radial dhredion. Cmtinued pumping of the fluidic material 290 preferat>ly 
10 causes the entire length of the tubular nrtember 225 to e}(pand h the radial direction. 

- - * ■ 

In a prefeired embodiment, the pumping rate and pressure of the fluidic 
material 290 is reduced during the latter stapes of the extrusion process in order to 
minimize shock to the apparatus 200. In a preferred embodiment the apparatus 200 
indudes shock absorbers for absorbing the shodc caused by the completk>n of the 
15 extruston process. Irt a preferred erhbodiment/ the extnjsion process causes the 

• . ^ " - • 

mandrel 215 to rnove in an axial direction 295. 

As illustrated In FIG. 2e, in a preferred embodiment, upon the oompletton of the 
extniston process, the support member 205, packer 210, first flukl conduit 215, annular 
seal 230, second fluid conduit 235, mandrel 245, and mandrel launcher 250 are 

« 

20 removed from the wellbore 280. In a prefenred embodiment the resulting new section 
of wellbore casing includes the preexisting wellbore casing 275, the expanded tubular 
member 225, the slips 230. the seals 235, the shoe 240. and an outer annular layer 
4000 of hardened fluidic material. 

. In an alternative embodiment, the apparatus 200 is used to repair a preexisting 

25 wellbore casing or pipeline. In this alternative embodiment, both ends of the tubular 
member 255 preferably include slips 260 and seaisi 265. 

In an alternative embodiment, the apparatus 200 is used to fonn a tubular 
structural support for a building or offshore structure, 
i In a prefened embodiment, the tubular members 105 and 225; shoes 240; 

30 expansion cone launchers 150 and 210; and expansion cones 145 and 215 are 
provided substantially as described in one 6r more of the following U.S. patent 

applications: (1) utility patent application nurnber attomey docket 

number 25791.9.02, fiied on 11-16^1999, virtiich claimed the benefit of the filing date of 
provistonal patent application number 60/108,558, attorney docket number 25791.9, 

35 filed on 1 1-16-1998; (2) utility patent application number attomey docket 

15 



number 25791.3.02, filed on 12-3-1999. which claimed the benefit of the filing date of 
provisional patent application number 60/111,293. attcxney docket; number 25791.3, 
filed on 12-7-1998: (3) utility patent application number ' . attonney docket 

number 25791.8.02, filed on 2r10-2000. which claimed the benefit oif the filing date of 

• 

5 provisional patent application number 60/119,611. attorney docket number 25791.8, 
filed on 2-11-1999; (4) provisional patent application number 60/121,702, attorney 
docket number 25791,7, filed on 2-25-1999; (5) provisional patent applicatkm number 
60/121,841, attorney docket number 25791.12, filed on 2-26-1999; (6) provisional 
patent applicatton number 60/121,907, attorney docket number 25791.16, filed on 2- 

1 0 26-1 999; (7) provisk>nal patent applicatk>n numbef 60/1 24,042, attorney docket number 
25791.11. filed on 3-11-1999; (5) provisiunai palenl appilcdtion nunibei; 60/131,106, 
attorney docket number 25791.23, filed on 4-26-1999; (9) provistonal patent application 
number 60/137,998, attorney docket number 25791.17, filed on 6-7-1999; (10) 
provisbnal patent application number 60/143,039, attomey docket number 25791.26. 

15 filed on 7-9-1999; (11) provisional patent application number . 60/146,203, attomey 
docket number 25791.25, filed oh 7-29-1999; (12) provisional patent applicatton 

number , attomey docket number 25791.29, filed on 9-16-1999; (13) 

provistonal patent application number ■ . • • attomey docket number 
25791.34. filed on 10-12-1999; (14) provisional patent application number , 

20 attomey docket number 25791.36, filed on 10-12-1999; (13) provisional patent 
application number 60/159,033, attomey docket number 25791.37, filed on 10-12- 

1999; (15) provisional patent application number • , attomey docket 

number 25791.27, filed on 11-01-1999. Applicants incorporate by reference the 
disctosures of these applications. 

25 Although illustrative embodiments of the invention have been shown and 

described, a wkie range cff modification, changes and substitution is contemplated in 
the foregoing disclosure, in some instances, sorne features of the present invention 
may be employed without a corresponding use of the other features. Accordingly, it is 
appropriate that tiie apperided daims be construed broadly and in a manner consistent 

30 . with the scope of the invention. 
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Claims 

An apparatus for radially expahding a tubular memt)er» oomprising: 
a first tutHjI^r memt>er; 

a second tubular member coupled to the first tubular member; 

a third tubular member coupled to the second tubular memben 

one or nrK>re slips coupled to the exterior surface of the third tubiilar memt>en 



and 



a mandrel having a conical outer surface including an angle of attack between 0 
to 30 degrees and a surface hardness ranging ftrom 58 to 62 Rockwell C positioned 
10 within the second tubular member and coupled to an end portion of the third tubular 
memben 

wherein, the inskle diiameter of the second tojbular member is greater than the 
inside diameters of the first and third tubular members; 

wherein the mandrel includes a fluid passage having an Inlet adapted to receive 
15 a fluid stop member. 
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